Background: A nanocrystal intravenous (IV) formulation of meloxicam is being studied with the aim of providing postoperative analgesia. Methods: This randomized, multicenter, double-blind, placebo-controlled trial evaluated meloxicam IV 30 mg or placebo (≤ 3 doses) in 219 subjects undergoing abdominoplasty. The primary endpoint was the summed pain intensity difference over 24 hours postdose (SPID 24 ). Results: Meloxicam IV-treated subjects had a statistically significant reduction in the least squares mean of SPID 24 compared with placebo-treated subjects (-4,262.1 versus -3,535.7; P = 0.0145). Meloxicam IV was associated with statistically significant differences over placebo on several other secondary endpoints, including other SPID intervals (ie, SPID 12 , SPID 48 , and SPID 24-48 ), achievement of perceptible pain relief, the proportion of subjects with a ≥ 30% improvement in the first 24 hours, and Patient Global Assessment of pain at hour 48. Meloxicam IV was also associated with a reduction in the number of subjects receiving opioid rescue medication during hours 24-48 and the total number of doses of opioid rescue analgesia. Meloxicam IV was generally well tolerated, with the numbers and frequencies of adverse events similar to that of the placebo group. There was no evidence of an increased risk of adverse events commonly associated with nonsteroidal anti-inflammatory drugs including bleeding, thrombotic, cardiovascular, renal, hepatic, cardiovascular, injection site, and wound healing events. Conclusion: Meloxicam IV provided sustained pain relief and generally was well tolerated in subjects with moderate-to-severe pain following abdominoplasty. (Plast Reconstr Surg Glob Open 2018;6:e1846; doi: 10.1097 
INTRODUCTION
Abdominoplasty is 1 of the most frequently performed cosmetic surgeries in the United States, and the number of procedures has substantially increased in recent years from 62,713 in 2000 to 127,633 in 2016. 1 For such procedures, safe and effective pain control is an important component of postoperative patient care. 2 Postoperative pain reduction can lead to earlier mobilization, shortened hospital stays, reduced hospital costs, quicker return to normal activities, and increased patient satisfaction. 3, 4 Although opioids, in combination with other forms of analgesia, have been a mainstay of perioperative pain control, there has been an increased emphasis on the use of alternative medications, given the potential risks associated with these agents (eg, adverse events [AEs] such as nausea/ vomiting, constipation, pruritus, sedation, respiratory depression, development of dependence). [5] [6] [7] [8] Multimodal pain management approaches to the treatment of postoperative pain (eg, use of synergistic combinations of analgesics) are gaining acceptance in a variety of surgical procedures. [7] [8] [9] Nonsteroidal anti-inflammatory drugs (NSAIDs) are considered an important component of such regimens. 7, 8 Meloxicam is a long-acting preferential cyclo-oxygenase-2 (COX-2) inhibitor with analgesic, antipyretic, and antiinflammatory properties. 10, 11 It has been shown to have more favorable gastrointestinal tolerability compared with nonselective NSAIDs. 12 Oral formulations of meloxicam have demonstrated effectiveness for reducing symptoms associated with chronic conditions such as rheumatoid arthritis and osteoarthritis. 11, 13 However, oral formulations of meloxicam have poor solubility and are not rapidly absorbed, with peak plasma concentrations 9-11 hours after an oral dose of 30 mg 12, 14 ; as such, oral meloxicam is not indicated for the management of acute pain. An intravenous nanocrystal formulation of meloxicam has recently been developed for administration as a bolus injection that in phase 2 trials has provided onset of analgesia as early as 10 minutes postdose, with maintenance of analgesic throughout the 24-hour dosing period. [15] [16] [17] The primary objective of the present study (NCT02678286) was to evaluate the analgesic efficacy of intravenous (IV) meloxicam versus placebo in subjects with moderate-to-severe pain following abdominoplasty.
METHODS

Study Design
This phase 3, randomized, multicenter, double-blind, placebo-controlled trial was conducted at 4 clinical trial sites in the United States. All subjects remained at study site throughout the treatment phase. The study was conducted according to Good Clinical Practices as referenced in the International Conference on Harmonisation Guidance for Industry and the principles of the Declaration of Helsinki. The protocol was reviewed and approved by the institutional review board, and all subjects provided written informed consent.
Dosing
Subjects were screened for participation within 28 days before study drug administration. Once subjects met postoperative randomization eligibility criteria (see Key Eligibility Requirements), they were randomized (1:1) to treatment with meloxicam IV 30 mg or IV placebo, administered as an IV bolus over 15-30 seconds every 24 hours for up to 3 doses. Subjects with inadequately controlled pain could receive rescue medication (oxycodone 5 mg orally) after first study drug administration and then could be given rescue medication every 2 hours as requested. The third dose of study medication could be administered at the discretion of the investigator at 48 hours (before discharge).
Surgical technique was standardized across all sites. During surgery, subjects received an anesthetic regimen using fentanyl and propofol, with or without volatile anesthetics or muscle relaxants. No local anesthetics were employed. The subjects underwent a standardized surgical procedure consisting of a low transverse abdominal incision, infra-umbilical fascial plication and bilateral drain placement. Patients requiring more extensive surgical procedures such as liposuction or dissection above the umbilicus were excluded from the study. During the immediate postoperative period, fentanyl (25 μg IV bolus) was administered as necessary for postoperative pain. Analgesic medications other than those prespecified for postoperative use (eg, opioids, acetaminophen, NSAIDs [other than aspirin for cardiovascular indications]) were prohibited during the treatment period (through hour 48).
Key Eligibility Criteria
Men and nonpregnant, nonlactating women 18-75 years of age (inclusive) with a body mass index ≤ 35 kg/ m 2 scheduled to undergo abdominoplasty without collateral procedures were eligible for participation. Subjects also had to meet the following postoperative randomization criteria: (1) moderate or severe pain on a 4-point categorical pain rating scale and a score ≥ 4 on the 11-point numeric pain rating scale within 3 hours of the end of surgery (last suture) on day 1; (2) ability to answer questions and follow commands and participate in pain assessment evaluations; (3) undergoing a surgical procedure lasting ≤ 3 hours; and (4) having no significant deviations from surgical protocol, anesthetic protocol, or specified pretreatment analgesic regimen. Subjects must also have had no evidence of the following during or following surgery: evidence of respiratory insufficiency, clinically significant hypotension, bradycardia, or any other abnormality that, in the investigator's opinion, significantly increased the risks of study drug administration.
Exclusion criteria included allergy to meloxicam or other NSAIDs or excipients, elevated aminotransferases; history of HIV, hepatitis B, or hepatitis C; significant renal, hepatic, cardiovascular, metabolic, neurologic, psychiatric conditions; history of migraine (within past 12 months); and myocardial infarction or coronary artery bypass graft surgery within 12 months. Subjects with active or recent bleeding (within 6 months), gastrointestinal ulceration or bleeding, or a known bleeding disorder or taking agents affecting coagulation were also ineligible. 
Assessments
Pain intensity (PI) was assessed using the 11-point numeric pain rating scale (0-10; 0 equated to no pain, and 10 equated to the worst pain imaginable) at predose and at 0.25, 0.5, 0.75, 1, 2, 4, and 6 hours postdose 1, and then at 2-hour intervals until hour 48. The performance of the study medication was assessed at hours 24 and 48 using a Patient Global Assessment of pain control (PGA; 0-4 [0 = poor, 1 = fair, 2 = good, 3 = very good, or 4 = excellent]).
Endpoints
The primary efficacy endpoint was the summed PI difference from hour 0 to hour 24 (SPID 24 ). SPID is a measure that combines relief magnitude and duration of pain into a single score; it is calculated by the sum of the timeweighted PI difference (difference between current pain and pain at baseline) multiplied by the interval between ratings. To address the impact of rescue medication on treatment response to PI during each interval, the prerescue PI score from a rescue was carried forward to replace the scheduled PI scores collected (or to be collected) within 2 hours following the use of rescue.
Secondary efficacy endpoints included SPID at other time points (SPID 6 , SPID 12 , SPID 48 , and SPID 24-48 ); time to perceptible and meaningful pain relief as measured by 2-stopwatch technique; the proportion of subjects with improvement (ie, pain reduction) ≥ 30% and ≥ 50% within 6 hours following the first study dose; PGA of pain control at hours 24 and 48; and time to administration of first dose of rescue analgesia and number of times rescue analgesia was used during 0-24, 24-48, and 0-48 hours. Additional exploratory endpoints evaluated efficacy responses during the second 12 hours (ie, 12-24 hours and 36-48 hours) and the last 6 hours (18-24 hours and 42-48 hours) of the dosing interval and included SPID, proportion of subjects requiring rescue analgesia, and total number of doses of rescue analgesia per subject. Safety endpoints include the incidence of AEs and serious AEs, laboratory tests, vital signs, 12-lead electrocardiogram findings, and AEs of special interest (ie, bleeding, cardiovascular, hepatic, injection site reactions, renal, thrombotic, wound healing events).
Statistical Analysis
The intent-to-treat population includes all subjects randomized and was the primary efficacy set. The sample size was selected with the assumption that the effect size for SPID 24 between meloxicam IV and placebo is at least 0.40. Using a 2-group t test with a 0.05 two-sided significance level, this study was designed to have greater than 80% power to detect the difference between treatment groups.
Analysis of covariance was used to assess the difference between treatment groups for SPID. The analysis of covariance model included mean effects of treatment and investigational site and a covariate of baseline PI score. The difference between groups was assessed using a 2-sample t test of least-squares (LS) means values.
RESULTS
Subjects
A total of 219 subjects (215 female, 4 male) were enrolled, and all were randomized to treatment. Treatment groups were comparable with respect to demographic and baseline characteristics (Table 1) . Most subjects received 3 doses of study medication (n = 87 [87.1%] meloxicam IV; n = 86 [78.9%] placebo).
Efficacy
For the primary endpoint (ie, SPID 24 ) subjects who received meloxicam IV had a statistically significant greater reduction in PI compared with subjects who received placebo. The LS mean reductions in SPID 24 were -4,262.1 ± 214.19 and -3,535.7 ± 215.05, respectively, in meloxicam IV and placebo groups (P = 0.0145; Fig. 1 ).
For the secondary efficacy endpoints, meloxicam IV was associated with statistically significant differences from placebo in most, but not all outcome measures. Meloxicam IV demonstrated a statistically significant effect on pain reduction compared with placebo in SPID 12 , SPID 48 , and SPID 24-48 , but not at SPID 6 (Table 2 ). PI differences (PIDs) from baseline for each treatment group over time (ie, from 0 to 48 hours) are illustrated in Fig. 2 . As illustrated, the meloxicam IV group had nu- merically lower PID values compared with the placebo group at every study time point after 30 minutes. In the meloxicam IV group, there was a statistically significant difference in time to perceptible pain relief as compared with the placebo group (median 0.76 versus 1.28 hours; P = 0.0050); however, there was no statistically significant difference between the meloxicam and placebo groups for time to meaningful pain relief (median ~ 3 hours in both groups; P = 0.5096). Significantly more subjects who received meloxicam IV had a ≥ 30% improvement in the first 24 hours compared with placebo (71.8% versus 56.9%; P = 0.0178). Although a higher proportion of meloxicam-treated subjects had ≥ 50% improvement in the first 24 hours, the difference between groups was not statistically significant (28.2% versus 18.3%; P = 0.0788). During the first 6 hours after treatment, there were no statistically significant differences between treatment groups in the proportion of subjects with ≥ 30% (36.4% versus 31.2%) and ≥ 50% (13.6% versus 8.3%) improvement in pain. Regarding PGA, there was a statistically significant difference between groups favoring meloxicam IV at hour 48 (P = 0.0027) but not at hour 24. Overall, the proportion of subjects reporting good or better (2+ or greater) pain control on the PGA was numerically better for meloxicam IV-treated subjects than for placebo at hour 24 (84.3% versus 67.3%) and hour 48 (88.8% versus 83.4%).
The vast majority of subjects in both treatment arms used ≥ 1 dose of rescue medication (oxycodone 5 mg every 2 hours as needed) in the first 24 hours (88.2% versus 89.9%; P = 0.6559). There was no statistically significant difference in the time to first dose of rescue medication (2.6 versus 2.45 hours). However, significantly fewer meloxicam IV-treated subjects received rescue medication during hours 24-48 (55.6% versus 75.7%; P = 0.0014) and the number of doses of rescue analgesia per subject was also significantly lower among meloxicam IV-treated subjects during hours 0-24 (3.66 versus 4.38; P = 0.0275), hours 24-48 (1.75 versus 2.72; P = 0.0009), and hours 0-48 (5.38 versus 7.07; P = 0.0027).
Exploratory efficacy analyses showed that subjects treated with meloxicam IV had greater pain reduction, fewer subjects requiring rescue (Fig. 3) , and a lower mean number of rescue analgesic doses per subject (Fig. 4) than placebo-treated subjects in the second 12 hours and last 6 hours of the dosing interval. Although the magnitude of difference in pain reduction between treatment groups as measured by SPID was smaller in the last 6 hours of the dosing interval, the meloxicam IV group maintained a greater reduction in PI compared with the placebo group. The differences in SPIDs were statistically significant in favor of meloxicam IV at all intervals (SPID [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] 
Safety
Meloxicam IV 30 mg was well tolerated with no deaths during the study. In addition, no subjects discontinued from the meloxicam IV group due to an AE. The most common treatment-emergent adverse events (TEAEs) are summarized in Table 3 . Nausea, headache, vomiting, and dizziness were the most common events in the meloxicam IV group, which were observed at lower incidences than in the placebo group. All events in meloxicam-treated sub- jects were mild to moderate in intensity and most were considered either not related (39%) or only possibly related (59%) to treatment. Four subjects, 3 (2.8%) in the placebo group and 1 (0.9%) in the meloxicam IV group, experienced a serious AE. Two serious AEs related to bleeding (postprocedural hemorrhage) were reported (1 in each group). One subject (placebo group) discontinued treatment due to this event. The 2 other serious AEs in the placebo group were pulmonary embolism and postoperative wound infection.
The overall incidence of AEs of special interest was similar between the meloxicam IV and placebo groups (10.9% and 15.6%, respectively) as summarized in Table 4 . In particular, wound healing assessments were generally consistent with investigator expectations as reflected by a high level of investigator satisfaction with wound healing and a similar incidence of clinically significant wound status observations in the meloxicam IV group and placebo groups (3.6% and 4.6%, respectively).
Few clinically meaningful vital sign changes or electrocardiogram results were reported during the study. In addition, while there were shifts in individual clinical laboratory parameters over time, the shifts were generally similar between meloxicam IV-and placebo-treated subjects. None of these variations were suggestive of a clinically significant trend across subjects within any treatment group.
DISCUSSION
Abdominoplasty is a relatively new model of moderate to severe postsurgical pain lasting > 24 hours postprocedure. 18, 19 This model was thought to be a good choice for this study because (1) the soft tissue dissection employed for abdominoplasty is quite extensive and as such represents a clinical scenario that can be extrapolated to other large/major soft-tissue surgeries; (2) recruitment into the model is relatively rapid; (3) rigid experimental controls can be employed to reduce patient-to-patient and siteto-site variability without sacrificing subject safety; and (4) the surgery has a low complication rate and a high patient satisfaction rate. 20, 21 In this study, meloxicam IV 30 mg provided sustained pain relief when administered to subjects with moderateto-severe pain following abdominoplasty. In particular, the primary endpoint (SPID 24 ) was met, demonstrating significant reduction in pain from baseline with a single dose. In addition, various secondary efficacy endpoints were met, including other SPID intervals (SPID 12 , SPID 48 , SPID 24-48 ), time to perceptible and meaningful pain relief, proportion of subjects with pain reduction from baseline, PGA of pain control at 48 hours, and the use of rescue medications.
In this study, subjects were required to have moderateto-severe pain before they were eligible to receive study medication. It is known that acute pain is more difficult to manage if permitted to become severe. 22 In clinical practice, subjects would most likely receive meloxicam IV after surgery and before PI reaches the moderateto-severe threshold, when it would be more difficult to control and when the need for rescue analgesia would be increased. This may explain why during the earliest time interval (0-6 hours, SPID 6 ), reductions in PI did not reach statistical significance for some secondary endpoints (ie, SPID and PID).
Meloxicam IV was also associated with a reduction in opioid rescue medication use, including reductions in both the number of subjects receiving rescue medication during hours 24-48 and the number of rescue doses throughout the 48-hour postsurgery period. The observed decrease in opioid rescue medication may be particularly noteworthy given the known opioid-related AEs (GI effects [nausea/vomiting, constipation], pruritus, sedation, respiratory depression) and the risk of opioid dependency with opioid use for postoperative pain. [5] [6] [7] Although statistical comparisons were not performed for AEs, subjects in the meloxicam IV group tended to have lower rates of nausea and vomiting compared with placebo-treated subjects.
There is no obvious reason why there was no difference between the meloxicam IV and placebo groups in time to first rescue analgesic use and in the proportion of subjects who used ≥ 1 dose of rescue medication during the first 24 hours. The high proportion of placebo subjects who used rescue medications in this study contrasts with 2 recent studies that evaluated acute pain after abdominal surgery. 18, 19 In the 2 studies, approximately 64% of placebo subjects used ≥ 1 dose of rescue medication compared with 89.9% of placebo subjects in the current study.
Some of the factors that may have influenced the outcome of rescue medication use endpoints in this study could be study design, including time between the end of surgery and the time a subject is eligible for their first dose of study drug, the subject's expectation about the timing and duration of rescue medication effect, and/or the subject's ability to tolerate any degree of pain or any worsening of pain.
Overall, the end-of-dosing interval analyses demonstrated that, over the 24-hour dosing period, subjects treated with meloxicam IV had greater pain reductions (SPID and PID), a lower proportion of subjects requiring rescue, and a lower number of rescue medication doses per subject compared with the placebo group.
Meloxicam was generally well tolerated with no increased risk of AEs compared with those receiving placebo. The occurrence of specific AEs known to be associated with NSAIDs 8, 23 were generally similar to or lower in meloxicam-treated subjects compared with those receiving placebo. Wound healing complications, which have been reported to be significantly increased in patients undergoing abdominoplasty, 21 were not different between treatment groups in our study.
A limitation of this study is the variance from normal clinical practice, which includes a prolonged (3-day) stay in the clinic following abdominoplasty to allow for extended safety and efficacy assessments, limited subject access to multimodal analgesia, and delayed administration of analgesia until pain reached the threshold of moderate to severe. The model is relatively new and may evolve as more data regarding the postoperative pain profile become available. Based on the results of this study, future use of this model may need to evaluate immediate postoperative pain management, similar to that utilized in bunionectomy studies, to achieve a more stable baseline score and less rescue use in the first hour following study medication administration.
CONCLUSIONS
This study demonstrated that meloxicam IV 30 mg provided significant pain relief in subjects with moderate-tosevere pain following abdominoplasty surgery. Once daily dosing with meloxicam IV maintained analgesia over the 24-hour dosing interval and reduced postoperative rescue opioid use. Furthermore, meloxicam IV administered as bolus injections was generally well tolerated with a safety profile comparable with placebo. Findings from this study support further investigation of the efficacy and safety of once-daily administration of meloxicam IV within the context of a perioperative multimodal approach for managing moderate-to-severe pain. 
